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October 12, 1999

Docket Management
Room PL-401

400 Seventh Street, SW
Washington, DC 20590
Fax: (202) 493-2251

Re: Docket No. 99-5100 _,(?’

Gentlemen:

You may already have the enclosed study published by the Society of American Engineers Inc.,
but if you haven’t studied the findings, | urge you to do so, as the conclusions are Profound!

Lap/shoulder usage for children of all. ages minimizes potential for head injury and reduces. the
risk of abdominal injury, vs. lap belt only. The differences are statistically significant!

Therefore, in the “real” world, children will. continue to use adult lap/shoulder belts, but because
the shoulder belt does not fit properly, they will continue to not use it, thereby substantially
increasing the risk of injury.

SHOULDER BELT POSITIONERS REMEDY THIS PROBLEM WHILE NOT
DEGRADING THE EFFECTIVENESS OF THE BELTS!

Thank you for your consideration.
Sincerely,

[y,

Robert E. Capps
President

Enclosure (5. pages)

P.O. Box 989 . Freeport, FL 32439-0989 . 850-835-0100 . Fax 850-835-0005
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ABSTRACT

Many chuldren are still restrained in adult belts alone. even
though an adult seat belt 1s not optimal for small occupants for
whom a child restraint would be sater and more desirable.
l'herefore, a tat program was designed W investigate the impact
responses of three dummies represenung children aged I8
months, three vears and six vears The simulations were sled
runx 4t a delta-V 0Of 48 km/h wath accelerations of 27 g The
Jummies were restrained in adult Jap/shoulder, lap-only and
<hild hamess belt systems

Neck shear. axial tension und bending moments were
rather hugher with a Jap/shoulder than u lop-only belt. However.
the lap/shoulder systemn minimised dumimy head and upper torso
¢xcursion, head scceleration and pelvie accelerations.

Lap belt loads. head accelerayons. HIC and chest
aceelerayons were higher with the lap belt alone than with the
laprshoulder belt. The lap belt also permitted considerable
excursion and kead contact with the hard trame of the test seat.
which affected HIC and neck loads. The lap/hamess system
geve generally the highest head and neck forces

INTRODUCTION

CONCERNS ABOUT CHILDREN IN ADULT BELTS -
{1~ well accepied that any child nding 1n a passenger vehicle
should be restrained in a8 dedicated restraint systerm of a type
appropriate to the child's size and age Surveys indicale thal
unu! the child weighs more than 3¢ kg, or has a silting height of’
apuut 760 MM (roughly equivalent W an age of 11 or 12 vears),
ihe seat belt will nor fit m an ideal manner [ | | Where
appropnate for the age and size of the chiid, a child restramnf or
booster 1S more desirable than an adult belt used ajone.

Nevertheless, the fact 15 that countless children throughout
the world. although best sulted to child reswrats, commonly do
nde in motor vehicles while restrained only bv adult seat belts
It 15 A reasonable expectation that from tme (o ume vehicles
with chuldren thus restrained will crash It would be s matter 01’
great concern if this msmatching led tov a commensurate
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Studies of the effects of adult belts on child njun
reduciion and jury patierns are rare. As it happens. available
cpidemiological data do not point to restrained children of at
least ten years or SO being at especia risk.[2] However.
predictions of injury risk (¢specially for smaller chilbdren ) urc
based on a narrow knowledge base. This papet reports
luboratory data that are intended 1o build on: exisung
knowledge

The testing was performed in the context oi recentiy
completed lield studiex of real-world crashes in Australia
Results  of  these  studies  have prcwouﬂ}‘ beaen
reponted. (314}|5) Throughout the entire sample of ichildren,
in all kinds of crashes, dedicated child restraints generalls
performed the best. Ax would be expected, children without

restrawnts fared badly,

Table | summanses the results of this study. Note that
whule the percentages of children sustaining MAI S 2 + injunes
in lap/shoulder and lap-only belts are not sighusicantly
ditYerent, all but four of the the jap-anly belted children were
in cenure scats in the centre rear and should therefore tor that
reason have demonstrated a lower risk of iyury Simalar logi
way used in a major Swedish study to suggest that ia centre-
seut lap-only belt is not as effective in preventing Mjury us «
lap/shoulder belt,[6] and Langweider and Hummd ( 1994
documented @ MAIS 2+ child wjury rate of 29 8% for
lap/shoulder belts and 42.9% for lap-only belts.[7] Firther. in
the Australian study there was a significantly greater incidence
of belt-induced abdominal mjury among lap-belt wegrers than
lap/shoulder belt wearers (eight out of 35 children, 23%, as
uppused 10 10 out of {2 | lap/shoulder belled children. 8 3% |
This difference 1s statstically significant (p<0.02)

Results from this field stydy mdicated that whij=
dedicated child resteamis ofler voung children the Yesl crash

rotection, adult [ap/shoulder belts provide agceptuble
-L—r_Em&_TTh___—__
protection for ¢ nt most crashes. he most serjous belt-

induced 1njunes observed were minor superficial briiises and

abrasions. The work confimmed earlier findings from Australin

and ¢lsewhere that children - even very smell onext - can he
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wel] rotected | ;n scvere crashes wh::n usin la /shouldcr seal

- dcsxrablc optlon {4]

: Table 1. : ’
Summary of Reaultr NSW l"leld Study, All Rnnralnts

' [ Child | Lupshoul up-qu bott | ‘Na mtnllu-n.
_ reatrajnt dey belt :
mats | ] %l N s w]wl w0 w
o l-28| 394] u1]l enl 3| a3l o} oo
i Jof 923 83| ksl 2] sool 6] . 316
2  70 99] 13] 1w7] 3| _sef 3| s
1 L aal o] ssl 2l sal s| 2ed
45 2l 28] o8| 1 19| o 0.0
6 51 ezl el sol ol owel s 26.3
Tow | 71| 1000| 121] 1000| 33| 1000 19| 1000
‘ ‘jM-Axs 3| wes| 77| 23| o 7] 1| e
+ )

FOR THE PREbENT SLED STUDY, -
Studxes have indicated that lap-only belm promote the risk of'

child occupant injury through increased- excursion of the ead -

and torso.(8] Many others have drawn atiention to the visk of
injury to the abdomen and lumbar spine through direct !oadmg
of the lap belt.[9])[10) However, it has also been suggested that

1o restrain, the upper torso, especially that of a child, places the |

‘meck al greater risk than if the torso is sllowed 10 swing
" unrestrained. Anatomical considerations, |1 [1[12] coupled with
" casc reports of cervical spine injury to torward-facing children -
[13]1)4] have caused considerabie mtcmauonnl altention (o be
“drawn to.the issue of cervical and high thoracic spinal cord

: myun to infants and young chnldren in lorward facing resu'alnl

. systems.

However, datg xearches in Austraha have, failed m show
that the lap/shoulder seat bejl poses a significant threst to a
~child's spine, and field studies have indicated that concemns
abowt vulnerability based on purcly anatomnical congiderations

gy be nu-«pl.u;ed In the field study qutlined above, neck injury -

i1 children using adult lap/shoulder belts wna not found o
exceed very minor degreds of seventy.

“Ihe present test pragram was designed (o supplcmem the
rn.hl abyervations made during:the Australian field study by
mviesugating the responses of the 18 month CRABL, three-yeys-
oid Hvbrid {11, and six-year-old Hybnd Ul dummics when..

resyruined in aduit lap/shoulder, lap-only and child harness belt

wsterns. This paper documents the data ‘from thcse comparmw ’

_xenes of laboratory sled tests,

. g:vm delia-Vv, ahhough comparisons af one restram systcm i

" . . CRABI ("Child Restraint Airbag Interaction ")

Table 2. ‘
. Basic Dimensions, Chnil Dumimnies
[Dnmmly _ Weight - Rrectsitting hﬁ;m
o T | = | ok
| CRABI 1% l 1z |- 2e7 sos | ihs
month O ff ~ - .
Hybrid 1IN 145 120 se6 2fs '
Thres-year - . L
1l ota .
Heynes w228 sz . | se0 |. aba
. Sh-xur—old. . L -

iby 4. new onc aﬂer cach run. The accelersti

"sensmw: emergmcy—lockmg ‘retractor (as reqm

A ' l'hc mgn-l protocol wquarsd runa at 56 k.m/h but cal uz’on

Mmhonomcy '

"The sled tests were all oond\lcted in the Crashla
.of the Roads and Traffio Authority of New South W
MTS Monterey “Impac” rebound sied at a acminal ¢
vclocity (deita-V) of 48 to 49 kmwh (30 milesh
conﬁ gunmon of this sled gWes nse toa shon-dmn

with another are valid, these tests represent a vi
rather “suff” crash. The peak sled accelerstion for all

within the range 26 8 g t0 27.5 g, typically peaking 4 40 ms

after first contact with the decel|erator pxston
T m:c umnmpomorpmc umm‘ma Wcre

exumples currently uvmlcblc ? They were a3 follows.

month Old Infant Dummy (Vcrs:on l) ;
- Huhnd "' "'hm_:'r-nr n!d ™ aean

this research by First chhnology Safcty Sy
~ . Hybrid III Six- -yew-old Dummy (Model 127.00
Their basic dimensions arc shown in T&e 2. R

' F;)llowing calibration sled. runs, sach of th
dummies was tested with lap/shnulda belt and a |

characteristics of each run were mcasured by accelero
mounted on the sled.
The lap/shoulder belt in each case was ot‘runmn

tesis revealed the probability of damxgs (o the dummiesjn the
hp-bnlud oonfiguration at thu delta- V

All the child dummiss were manufaciured hy Fim Teciﬂology
Nafety bynm tne, of Plymouth, Michigan,
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Australian cars) mounted at the upper end of the shoulder belt.
The positioning Of the belt anchor points was in accordance with
the requirements of Australian Standard 3629.1-199 1, Methods
of testing child restraints; Part |: Dynamic testing. [ 1 5] This
posilioning is consistent with the Australian Design Rules
covering scat-belt anchorage geometry

The sear used for the tests was a stylised generic rear
passenger-vehicle seat, aiso in accordance with the
requirements of Austraian Standard 3629. I’-199 | . The required
base of this seat 1s a polyurethane dab. density 28-29 kg/m*.
|56 mm thick. on a rectangular frame. The seat back is 70 mm
thick.

All three dummies were instrumented as follows:

. head acceleration: J-axis acceelerometers;
. upper neck forces and moments: 6-ax13 ransducers.,
chest acceleration: 3-axis accel erometer,

pelvis acceleration: 3-axis accelerometer.

In addition, the lumbar region of the 18-month CRABI
carried @ 6-axis transducer for forces and moments. Belt force
transducers were mounted on the webbing straps and buckle
mounts Sign conventions, head acceleration coordinates and
data filter clesses were as specified in SAE J2 11 .[16] The
condition Of the dummies Was monitored after each test by
v isua] inspection and instrument checks. Feces were painted to
detect contact points.

All runs were filmed by a stationary high-speed camera
positioned to the side of the sled. The cameras Were operated at
1000 [rames per second.

RESULTS

OVERVIEW . A complete tabulated set of the responses
obtained trom each dummy in each test 13 given in a full report
v project sponsors. [ 17]

SLED TEST DATA FOR THREE DUMMIES - To
suppont and build upon existing field data, the objective of the
sled study was to assess the effects of using three-point
lap/shoulder seat belts for the restraint of a sdection of child
anthropomorphic test dummies. in comparison with the effects
under the same test conditions bur ustng |ap-only seat belts.
Another series of runs compared these results with the effects of
usyng a child harness. Particular attention was paid 1o head and
neck forces and seat-belt loads. This appears to be the first time
that such direct comparisons have been undertaken in a
systematic manner

Head excursion alowed by the lap-only belt for all thres
dummies permitted head contact with the scat. This was atest
structure with a wooden frame, and typical of a real car seat in
its general relationship to belt mounting points rather than in
construction. These conlacts gave generallv high readings for
HIC and neck loads.

The sled test data for the three dunumies showed mixed
results for neck responses: shear. axia tension (se¢ Figure |)
and bending moments (Figure 2). Except for axia tendle forces
in the two larger dummies and neck moments in the [ 8-month
CRAB], the tendency was for the lap/shoulder and lap/hamess
systems to result in rather higher readings than the lap-only belt.

[
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Figure 1 - Neck axial tenelon +Pz (kN)i
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Figure 3 - HIC by dummy and rnmlan
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However, the lap/shoulder system, as well as
dummy head and upper torso excursion, was effective in
nunimising head acceleration and pelvic scceleratigns

Head accelernations, HIC (Figure 3), chest secklerations

and [@p bell Joads were consistently lugher with (He lap belt

alone tian with the lap/shoulder belt. 1he absence of upper

forso restraml 1n the lap-only svstem ajlowed gxcessive

excursion of the Hybnd Il 3-year old and 6-yeaf old and
Consequential head contact willl the seal ame. put 1t did
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minimise dummy neck and chest response,

. Of all the dummies, only the 18-month CRABI was not
correctly held  in place by either. restraint during the ontire
crash sequence, In the |ap belt tests, the dummy was allowed
to rotate up and over the lap belt. In the lap/shoulder tests, the
dummy’s upper torso “fell-out” of the shoulder portion of the

restraint a the end of the crash sequence. It is possible that
: this is a factar of a diffarince in biofidetity between the

CRABI and Hybrid Ill dummy range. It is more likely to be a
reflection of the different weights, segment leagth and mass
disuibution between dummies representing the anthropomemc
difference between toddler and young chxldrcn, and is
therefore possibly relevant to the-real worid.

For the CRABI | 8-month dummy the resulis suggest thiat
the lap/shoulder system minimises head acceleration and
therefore HIC.and forward bending moment ¢f the néck. The
lap-only belt minimised neck, -loads, chest and. pelvic
accelerations, These results directly relate to the lack of upper
torso restraint. Although the absence of an upper torso
restraint reduces neck loads on the dummy; | allows €XCESSIve
excursion of the upper torso and head.

accelerations and HIC were #lg0 PIgh 1A the Jap/Rarness

system, even in-the absence of the head conlacts thal 'a'ﬂ'qcﬁa

resuits from the the lap-belt runs.

some attenuon to the design of the lap/hamess system. Unlike
the configuration in a forward-faciug child seat, the shoulder .

_ Sraps of the cmld harfiess whea Used with a Tap belt are

18 indicatcs the need for . -
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and anthropomorphic child dummy bloﬁdehty
* dummny responses should be assessed cautiously if relation ‘

to their validity for the real world. Unfortunately,jthe neck -

of the Hybrid IT dummy - having been designed véry much .

‘with flexion .and. extension as priorities [18] - 5 pootly
biofidelic in regard 1o axial forces.[19) Essentiallyj it is too
stiff; That could he one explanation for the rather sifnilar and

non-discriminatory values for head acceleration a

child: dummies we used, although the most
available, aré also deficient in other aspects of biog 'ehty, in

-particular in the pelvic and abdominal fegions.

CONCLUSIONS

In summary, accepting some iNCPNSISEENCick in the
results from dummy to dummy, the results are in acdord with
the field data; broadly, that in comparison to |ap-' fly belts,
lap/ shoulder belts ‘

(i) minimise head excursion and therefore répuce the

potential for head injury; and . ;

(ii) produce lower |oads in the lap portiog of the

restraint system and therefore reduce the risk of ab|

\mJury |
There is nothing in th|s set of sled test rgsults to
iindicate that adding a shoulder belt to a lap belt |

child at a higher Tisk of Scrious neck Imjury from inertial

anchored directy to thc vehicle structure, In a child seal, the
arnessxsazc € scat and (the scal altachinen

%

forces. Taking account of the whole range of resplts, the
lap/shoulder ~ configiration ganeral]y gave thk most

separate. f_f_plhamess conligoration 18 therelore
compmhvely stff in 1ts reaction to?raih forces, and this may .

be why the dummy neck loads wera high in these rests. This

;uggesnon 1s supported by outputs for chcﬁ "accelerations

“favourable dummy-responses.

The results also indicate, howevur, that hel‘ simple
addition of a Barness (twin shoulder-belt) systemito a lap
b'efalihog@ﬁ reducing excursion of the head and tajso, may .

which were also highest 1o the #ness Conhguration,
- Lap bell loads were much higher with the ‘lap-onl

system in all yuns. 1his 18 not surprising, but mofe unexpec!

: lead to neck forces that are Figher than those seefi in the
Ja ahoﬁder‘bch‘conﬁ on. as well as head acceiprations
nother problem e

a Harness.iﬁan wnﬂ a sEouBer\EElﬂFxgure 4).

Figure 4 - Lap belt [oads (kN)

a T - T < T T

. '1912CRARE (V12 ORABI va . ava (224
Rululnuypo R

53 Lep-only [ rapen . Laghamess

Because Of limited data on biomechanical tolerance data

“were gcnerally higher foads i mm'urmmm hmncss/lap— elt con %urauon is that the shoulder B

v e N ow e v = ew °

ull upwards on the lap belt, and this' may incrg
* otennﬂ Tor submanning. The comparanvely migh i

1S an unsalisfactory sitiation because not only ars hifrnesses
cori\'mcn!y used on tHeir own )

seatin 0SINON,
The 18-month CRABI dummy Wwas not well

child becomes too large. i
The best adult restraint System overall, as indi
thepresent series Of Sled tests, ISthelaplshouldersys '

162
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adult belt has o be used by achild for any reason. The lap belt and Children. SAE 920562, SAE International Congress,
offers a ugher potential for abdominal and head injury through 1992. |
high webbing loads and extensive head excursion, and the
lap/hamess system appears lo raise neck loadings to alevel in 13, Fuchs S, Barthel M J, Flannery A M and Christpfiel K K.
excess of the lap/shoulder systemn. Cervical spine fractures sustained by youag clildren in
forward-facing car scats, Pediatrics, 84:348.354, 1b89
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